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CROSS-LINKABLE ADHESIVE COMPOSITION 



Field of invention 

This invention relates to cross-linkable compositions which 
may be applied as a film or as a melt and subsequently cxired 
at a temperature above the application temperature - 

Background of invention 

Hot melt adhesives based on ethylene-vinyl acetate copolymers 
are known. Although effective for certain applications, they 
fail in certain assembly applications due to their poor 
cohesive properties at temperatures of above about 60* C. In 
these cases, the bond strength develops on cooling but the 
cohesive properties are always limited at a given temperature 
due to the thermoplastic nature of the hot melt components. 

Compositions capable of providing high adhesion with good 
heat resistance are suggested in Japanese Patent Publication 
58-217575 (Yunichika) which discloses a hot-melt adhesive 
comprising firstly a saponified ethylene/vinyl acetate 
copolymer, secondly a polyisocyanate having at least two 
masked isocyanate groups per molecule and thirdly, a terpene 
phenol resin and/or a liquid polybutadiene having at least 
two hydroxyl groups per molecule. The reactive copolymer may 
have a melt flow index as from 0.5 to 200. The saponified 
EVA has 10 mol % of vinyl alcohol units and has a melt index 
of 170 in the example 1. A wide variety of masking agents 
are disclosed. 
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EP 30594 (Bayer) discloses a coating powder containing 
hydrolysed vinyl acetate copolymer and polyuretonimines 
obtained by reaction of polycarbodiimides and di- and 
tri-isocyanates . 

GB 1079749 (ICI) describes a cross-linkable coating 
composition (for moulding into pipes and hoses and for 
cables and wires for example) not as such suitable for 
hot melt adhesive con^ositions containing a polymer of a 
monoethylenically unsaturated monomer and units having 
certain functional groups a.o. hydroxyl, and a 
polyisocyanate generator including aromatic internally 
blocked isocyanates such as specified uretidione 
aromatic dimers and alkylene uretidione dimers in 
general. The blocked products have a rate of 

decomposition varying with temperature which causes 
cross-linking at temperatures above 120*C. 

EP-A-0041.192 (Siemens) describes the production of 
crosslinked polyolefin based cable and wire insulation 
and sheet production by crosslinking hydroxyl containing 
polyolefin with blocked polyisocyanate. 

EP-A-0294.271 (Atochem) describes a crosslinkable 
adhesive composition based on ethylene vinyl acetate 
copolymer containing primary hydroxyl functionalities. 
The terpolyroer is obtained by introducing, by grafting 
or direct copolymer ization, an ethylenic monomer 
containing a primary hydroxyl such as 2-hydroxy ethyl 
aery late or methacrylate. The copolymer contains from 
0.02 to 0.15 moles of primary hydroxyl per 100 gms. The 



wo 91/14727 



PCr/EP91/00S77 



- 3 - 

adhesive composition also contains a blocked 
polyisocyanate and a tackifying resin which may be used 
as blocking agent of the polyisocyanate. The preferred 
polyisocyanates are diisocyanates such as toluene 
diisocy anate , dipheny Iroethane di isocyanate , 

hexamethylene diisocyanate or isophorone diisocyanate. 

EP-A-0302.620 (Exxon) discloses the use of saponified 
EVA'S having at least 5 % wt % of vinyl alcohol derived 
units (14.75 wt % and 10 wt % in Examples) cured with an 
internally blocked polyisocyanate in the presence of a 
viscosity reducing component. The saponified EVA may 
have a viscosity of from 1 to 100 Pa.s^ preferably 4 to 
40 Pa.s, at ISO'^C and have a preferred melt flow index 
of from 10 to 2500. 

Japanese Patent publication 4640419 (Niura) relates to 
heat reactive, heat sensitive elastomer composition in 
which saponified EVA is cros si inked by an isocyanate 
adduct including lactam derivatives with a decomposition 
promoter. Example 1 uses an EVA with 11.2 wt % of vinyl 
alcohol derived units. Phenol adducts are used in the 
Examples which release volatile phenols in use. 

It is amongst the aims of the invention to provide a hot 
melt adhesive composition curable by heating, which is 
stable before curing, which can be cured safely in a 
controllable manner at elevated temperatures appropriate 
to hot melt adhesive application, has a desired balance 
of properties for convenient application and provides a 
thezmally stable bond. 
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giiTmitarv nf invention 

According to this invention there is provided a hot melt 
adhesive composition comprising : 

(a) a copolymer of at least 50 wt% ethylene and 
containing from 0.10 to 0.35 mole of hydroxyl 
functionality and having a melt viscosity of from 1 
to 50 Pa.s at ISO'C; 

(b) a compound containing isocyanurate groups and at 
least two terminally blocked isocyanate groups; 

(c) optionally a hydrocarbon tackifying resin » and 
optionally a low molecular weight hydroxy-terminated 
polyalkylene oxide containing at least three 
hydroxyl per mole. 

Other ingredients such as carbon black, and fillers such 
as calcium carbonate and silicates can also be added to 
impart particular properties to the compound. 

Suitably the copolymer (a) is a polymer having 
monomeric units of ethylene and of vinyl alcohol, and 
optionally vinyl acetate, the melt viscosity being from 
1 to 50 Pa.s at iso'c, preferably from 3 to 40 Pa.s at 
180*C. Ethylene vinyl alcohol copolymers contain at 
least 0.10 mole of hydroxyl functionality per 100 gm of 
copolymer (or 4.4 wt% vinyl alcohol), preferably at 
least 0.16 mole OH per 100 gm of copolymer (or 7.0 wt% 
• vinyl alcohol units) . One example is a teJTpolymer 
(viscosity 25 Pa.s at 180*C, MFR at 125*C under 325 gm 
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load of 6.4 gm/lO min.) with 10 % vinyl alcohol (or 
0.227 moles per 100 gms) , 88.75 % ethylene and 1.2 wt% 
vinyl acetate. The m.p. is 101. 5*C (by DSC). Another 
terpolymer contains 13.7 wt% vinyl alcohol (or 0.311 
mole per 100 gms) , 82.3 % ethylene and 4.0 vt% vinyl 
acetate (viscosity 5.8 Pa.s at lao^C, MFR at 125'c under 
325 gm of 30.4 gta/lO min., DSC m.p. 9l'C) . Copolymers 
of the above stated type help to provide a suitable 
characteristic to the hot melt adhesive compostion. 

The copolymers including those referred to above, may be 
copolymers of ethylene and vinyl alcohol obtained by 
hydrolysis or transesterification of ethylene-vinyl 
carboxy late (e.g. ethyl ene-vinyl acetate) copolymer . 
The degree of hydrolysis can be partial or total, 
partial hydrolysis leaving some ester groups in the 
polymer. 

Usually the carboxylic acid from which the carboxylate 
is derived has from 1 to 6 carbon atoms per molecule and 
the especially preferred vinyl carboxylate from which 
the vinyl alcohol is derived is vinyl acetate. The 
transesterification may be effected by reaction in the 
melt stage at about 100 ^'c with, for example, n-butanol 
using sodium methylate as a catalyst. 

The preferred copolymers of ethylene and vinyl alcohol 
are obtained from ethylene vinyl acetate copolymers 
having a melt flow index (ASTM D1238 52 T) of 250 to 
3000, preferably from 400 to 2000, and comprise 
preferably at least 70 wt % of ethylene and at least 7 
wt % of vinyl alcohol units. 
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Suitably the copolymer (a) containing hydroxyl 
functionality may also be a copolymer of ethylene and 
2-hydroxyethyl acrylate or methacry late . Such 
copolymers can be obtained by polymerization of ethylene 
in presence of the hydroxyalkylacrylate at high pressure 
and temperature and using an appropriate peroxide or 
perester as initiator. The desired polymer viscosity or 
melt flow rate can be obtained by using known molecular 
weight modifiers. 

The second component (b) of the adhesive composition is 
a mixture containing trimeric isocyanurate groups and at 
least two terminally blocked isocyanate groups. It 
contains at least 10 wt% of isocyanurate derived from an 
aliphatic or cycloaliphatic diisocyanate, and di-, tri-, 
tetra-, penta- and possibly hexaisocyanates as a 
mixture. The isocyanate groups are blocked with an 
extraneous blocking agent which is released on heating. 
Preferably the polyisocyanate has no free isocyanate 
groups and the rate of unblocking and hence crosslinking 
can be varied by controlling curing temperature. 

By being blocked or masked, the isocqranate can be 
protected from reacting with the alcohol functions of 
the copolymer and reactive groups of the third component 
xintil the decomposition temperature of the blocked 
polyisocyanate is reached. The blocked polyisocyanate 
may contain other groups than the blocked isocyanates 
which do not dissociate on heating. Aliphatic or 
cycloaliphatic poly isocyanates are preferred. 

Preferably the blocked polyisocyanate compound is used 
at a mole ratio OH:HCO of from 4 to 16; especially from 
8 to 16 and especially above 10. Good compositions can 
be obtained using lower amounts of cross-linking agent. 
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Isocyanurate derivatives are used advantageously because 
they can contain more than two blocked isocyanate groups 
per molecule. 

Typical conpounds suitable for the invention are : 
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where X is from 0 to 4, B is a blocking agent and R is 




The blocking agent can be lactam, such as £,-caprolactam 
or d -valerolactams or V-butyrolactamypreferably 
caprolactam. 



These compounds are described in US 4302351. 
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A product particularly useful for the invention and 
believed to have the composition shown above, is 
marketed by Chemische Werke Huls AG as IPDI B 1530. It 
is based on 3-isocyanatoinethyl-3,3,5-triraethyl- 
cyclohexylisocyanate also called isophorone diisocyanate 
and abbreviated as IPDI, it contains approximately 15 
wt% of blocked isocyanate. The blocking agent is 
^ -caprolactam. 

The adhesive conqposition may contain a third component, 
and optionally further components, to decrease the 
viscosity of the formulation at temperatures below the 
curing temperature to facilitate handling, to preferably 
act as an adhesion promoter or to alter the physical 
properties of the cured compound such as providing a 
different modulus. 

The optional third component of the film or hot melt 
composition is an hydrocarbon tackifier resin such as 
the Escorez (Registered Trade Hark) resins 
commercialised by Exxon Chemical International or 
synthetic or natural terpene tackifiers. A low 
molecular weight polyhydroxy compound may optionally 
also be added. 

suitable polyhydroxy compounds are tri-, or tetra- 
functional polyether polyols used in the manufacture of 
polyurethanes. It has been found that a particularly 
suitable polyether is a 300 gm/mole molecular weight 
adduct of propylene oxide and glycerol (hydroxyl number 
56 mgr KOH/gr) . Low molecular weight polypropylene 
oxide polyols are well known and are commercially 
available. 
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In preparing the film or hot melt adhesive composition, 
the blocked polyisocyanate should be mixed at a 
temperature below that at which the isocyanate begins to 
unblock to an appreciable extent. Temperatures from 120 
to 130*0 have been found adequate when using IPDI B 
1530. 

When the third component is present typical quantities 
of the components are 40 to 90 wt %, preferably 50 to 75 
weight % of the ethylene copolymer, 10 to 60 weight %, 
preferably 25 to 50 weight % of the tackifying resin 
based on the total weight of the two components. 

When a low molecular weight polyhydroxy compound is 
added, typical quantities of the polyhydroxy compound 
are 1 to 10 weight percent of the total weight of the 
three components* 

The composition containing only the ethylene copolymer 
and the blocked polyisocyanate can be processed cOid 
applied as a film, the composition containing the 
ethylene copolymer, the blocked polyisocyanate and the 
tackifying resin and optionally the low molecular weight 
polyhydroxy compound can be applied as a film or as a 
hot melt, both at a temperature below which appreciable 
heat activation of the blocked polyisocyanate takes 
place, and cured after application by heating to a 
temperature where the blocked polyisocyanate unblocks 
sufficiently quickly. When using IPDI B 1530, 

temperatures in the range 150*C to 200*0 are adequate. 
By using the compositions of this invention and curing 
them by heating at 150*^0 to 200*C, it is found that 
strong adhesive bonds are obtained which are still 
effective at temperatures as high as 150 "c when tested 
under shear conditions. Good bonding to metal surfaces 
can be achieved particularly. 
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F-vamples 

Table 1 sets ethylene copolymers A, B, G, D used for 
making formulations of the examples, their composition, 
melting peak temperature as determined by differential 
scanning calorimetry, melt viscosity (Brookfield 
viscometer RV, Thermosel) , and melt flow rate at 125'c, 
325 gm load. 
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The formulations given in Table 2 consist of the 
ethylene copolymers A, B or C and IPDI B 1530 mixed in a 
laboratory scale mixer by melting the ethylene 
copolymer first at 130^*0, and introducing the IPDI B 
1530 which was mixed for typically 6 minutes. 

The mixtures were then pressed to form a 0.1-0.2 mm 
thick film, which was then applied between 0.09 mm 
aluminum foils as a substrate* The assembly was placed 
in a . heated press at 180 *C for 30 minutes under a 
pressure of 1-5 kg/cm^ so as to produce an adhesive 
layer of 60 to 130 microns depending on the viscosity of 
the polymer used. The adhesion T-peel strength, lap 
shear strength at 100*C and 150*0 and Peel Adhesion 
Failure Temperature (PAFT) were measured and the results 
are given in Table 3 for the different compositions. 

The T-peel strength was determined using a tensometer at 
a pulling speed of 5.08 cm per minute and a 2 cm wide 
strip specimen. 

The lap shear strength was determined on a 2.54 cm x 
2.54 cm bond area, and an adhesive layer about 10 micron 
thick, using a tensometer at a pulling speed of 5.08 cm 
per minute. The tensometer was equipped with a heated 
chamber and the tests were carried out at 100 *C and 
150**C. 

The Peel Adhesion Failure Temperature (PAFT) was carried 
out using a 2.5 cm wide and 2.5 cm long adhesive bond in 
the T-peel mode and 0.5 kg load. The temperature was 
raised continuously at 24 *C per hour rate- PAFT is the 
temperature at .which the bond failed. 
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Tests carried out on the ethylene copolymer alone, or on 
the compositions of Table 2 before heating at 180*C for 
30 minutes indicated less than 2N/2cm adhesion T-peel 
strength. 
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CODE AND COMPOSITIONS EVOH - IPDI B 1530 



EVOH MOLE RATIO OMiPOSITION fPARTS) 

CODE TYPE OH/NCO EVOH IPDI B 1530 



A.6 A 6 100 15.63 

A-8 I 8 I 11-72 

A-IO 1 10 I 9.38 

A-12 I 12 I 7.82 

A-16 I 16 I 5.86 



B.4 B 4 100 15.90 

B-6 I 6 I 10.60 

B-8 I 8 I 7.95 

B-10 I 8 I 6.36 

B-12 I 12 I 5.30 



C-4 C 4 100 21.77 

C-6 I 6 I 14.52 

C-8 I 8 I 10.89 

C-10 I 10 I 8.71 

C-12 - I 12 I 7.26 

C-16 I 16 I 5.44 
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um 3 





T-PEEL 




lAP SHEAR STRENGTH 


CODE 


STRENGTH 


P.A.F.T. 


(N PER SQUARE INCH) 




(N/2cin) 




AT lOO'C 


AT 150*C 


A-6 


20-22 


75+3 


351 


266 


A- 8 


21-22 


87+1 


358 


295 


A- 10 


19-21 


92+2 


378 


300 


A- 12 


18-20 


92+1 




315 


A- 16 


19-21 


94+2 


363 


287 


B-4 


21-22 


72+3 


341 


247 


B-6 


21-24 


85+1 


353 


255 


B-8 


21-23 


92+1 


356 


270 


B-10 


21-22 


93±1 


365 


274 


B.12 


15-17 


99 


360 


272 


C-4 


22-25 


55+7 


315 


240 


C-6 


23-26 


71±2 


330 


295 


C-8 


21-25 


78+1 


340 (*) 


305 


C-10 


22-24 


83±2 


340(*) 


315 


C-12 


21-24 


89+1 


340 (*) 


300 


C-16 


17-23 


94+3 


350(*) 


306 



(*) RUPTURE OF AL FOIL SUBSTRATE. 
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It is clear from the examples A-6 through A-IS^ B-4 
through B^12, and C-4 through C-16 in Table 3, that high 
adhesion develops during cure as evidenced by T-peel 
strength results • High shear strength values at 
elevated temperature are also obtained after cure. 
These films can still however be peeled-off at 
temperatures from 55 to 99 ""C depending on composition. 

Moreover it has been found that the compositions given 
in Table 2 give after cure rubber-like stress-strain 
behavior, the cured compositions exhibit high tensile 
strength, high elongation and high energy at break, 
significantly higher than the uncured polymer. Table 4 
gives the tensile strength, elongation and energy at 
break after 25 minutes cure at 180*C. The corresponding 
values for xincured polymer B are 9.29 MPa tensile at 
break, 60 % elongation at break, and 0.34 Joule energy 
at break; they are 6.28 MPa, 164 % and 0.56 Joule 
respectively for polymer C. 

The adhesive composition may contain as third component 
an hydrocarbon tackifier resin. One of the advantages 
of such a composition is that it can be applied either 
as a film between two stibstrates or as a hot melt. An 
example of hydrocarbon tackifier resin is Escorez^ 
1310 from Exxon Chemical. When compounded with EVOH B 
in a 60 parts polymer - 40 parts Escorez 1310, the melt 
viscosity at 140*C is 31-3 Pa.s, in a similar 
composition with EVOH C the melt viscosity at 14 0*^0 is 
16.0 Fa.s. 
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CODE 


TENSILE STRENGTH 
AT BREAK 
(HPa) 


ELONGATION 
AT BREAK 
W 


ENERGY 
AT BREAK 
(J) 


A-6 


23.4 


243 


1 40 


A* 8 


24.9 


279 


1 83 


A-10 


26.7 


319 


2.24 


A-12 


25.1 


337 


2.34 


A-16 


23.9 


. 371 


2.63 


B*4 


17.75 


204 


1 11 


B-6 


17.8 


246 


X • ■♦^ 


B-8 


22.4 


306 


2.04 


B-10 


21.8 


317 


2.18 


11-1 9 


1 Q A 




Z.4 


C-4 


16.1 


195 


0.77 


C-6 


20.8 


260 


1.30 


C-8 


22:9 


315 


1.72 


C-10 


22.4 


350 


1.95 


C-12 


22.3 


383 


2.30 


C-16 


20.0 


415 


2.28 



ASTH D 412 Type D dumbbells, crosshead speed 2 in/min. 
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When compositions containing an hydrocarbon tackifier 
are cured strong adhesive bonds at elevated temperatures 
are obtained. 

The examples given in Table 5 through 8 will illustrate 
compositions capable of forming such adhesive bonds ^ as 
well as the effect of cure temperature and cure time. 
All these examples were obtained using 90 micron 
aluminum foil as substrate. 

A low molecular weight, polyethylene oxide polyol or 
polypropylene oxide polyol containing at least three 
hydroxyl groups per mole may also be added to the 
compositions. It reduces the viscosity of the hot melt 
composition and makes the film more tacky whilst 
maintaining good cured adhesive properties as 
illustrated by the data given in Table 9. The particular 
polyether triol used in ' these samples is an adduct of 
propylene oxide and glycerol, viscosity at 25"c is 800 
mPa.s, hydroxyl number is 56+2- 

Using the lactam blocked polyisocyanate isocyanurate 
derivatives a system is provided which permits low 
viscosity EVOH polymers to be processed with a 
crosslinking system in a hot melt formulation with low, 
if any, viscosity reducing agent- Good processing 
stability can be achieved at the same time as good 
ultimate thermal stability and low volatile generation 
during curing. The selection of a blocking agent whicdi 
unblocks the isocyanate groups at the appropriate rate 
is critical and lactams are very desirable for hot melt 
adhesive purposes. 
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It is desirable, as the invention permits, to achieve a 
high crossl inking efficiency and good adhesive and 
physical properties with a low concentration of blocked 
polyisocyanate. The blocked polyisocyanate of the type 
used in this invention can be used at significantly 
lower concentration than blocked diisocynates or 
internally blocked polyisocyanates. The amount of 
blocking agent released during the cross-linking 
reaction is also minimized which may be beneficial. It 
is speculated although not demonstrated that blocked 
polyisocyanates containing two and more than two 
isocyanates generate a more efficient crosslinking 
reaction than diisocyanates. 
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TABLE 5 

EVOH B BASED HOT MELT FROFERTIES 



COMPOSITION (WEIGHT) 




- 










6 








> 


4 








^ 




0.477 










(MOLE RATIO OH/NCO) 


(8) 




. -> 


(10) 


> 


aSRB TEMPERATURE CG) 






















CURE TIME (min.) 


10 


25 


60 


10 


25 60 


LAP SHEAR STRENGTH 












(N/IN^) AT 100 


361±4A 


340+15 


321±80 


1 348±70 


376+4 359+14 


AT 150*C 


251±21 


272+27 


260±5 


1 257±18 


262+37 266±25 


(FILM THICKNESS, 
micron) 


(20) 


(20) 


(25) 


1 (20) 


(25) (25) 


CURE TEMPERATURE (*C) 








1 200 




200 — 




— > 




> 


CURE TIME (min.) 


7 




30 


1 7 


30 


LAP SHEAR STRENGTH 












(N/IN^) AT lOO'C 


360*+10 




331*+28 


1 353*+24 


251+25 


150*C 


27^19 




255+35 


1 320*+26 


246±2 


(Fllil THICKNESS, 
micron) 


(20) 




(15) 


1 (15) 
1 


(10) 



(*) RUPTURE OF ALUMINUM FOIL SUBSTRATE 
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TAP^E 6 

EVOH C BASED HOT MELT PROPERTIES 



COMPOSITION (WEIGHT) 














• 


EVOH C 


6 


6 


6 


6 


6 


6 


« . 


ESOHIEZ^ 1310 


4 


4 


4 


4 


4 


4 


4 i 


IPDI B 1530 




0.871 


0.653 


0.522 


0.653 


0.522 


0.436 


(HOLE RATIO OH/NCO) 




(6) 


(8> 


(10) 


(8) 


(10) 


(12) 


CURE TEMFERATORE ('C) 




180 - 














— > 








CURE TIME (MIN. ) 




25 - 


















> 


7 




> 


o T-FEEL STRENGTH 
(N/2CIB) 


1-2 


31-34 


32-37 


33-35 


35-36 


28-30 


32-35 


o P.A.F.T. CO) 




77+3 


80±4 


85+1 


79+1 


87+1 


90+2 


o LAP SHEAR STRENGTH 
















(N/IN^) AT lOO'C 


0 


312±28 


367+23 


373(a) 


360(a) 


370(a) 




AT 150*C 


0 


226±15 


28Q±20 


276+50 


276+12 


300 




TENSILE STRENGTH (MPa) 


6.7 


12.57 


11.8 


11.4 


12.4 


11.9 


11.7 


ELONGATION AT BREAK (Z) 


16 


290 


317 


330 


300 


350 


370 


ENERGY AT BREAK (J) 


0.1 


1.21 


1.24 


1.4 


1.25 




1.6 


1.6 



(a) RUPTURE OF ALUMINUM FOIL SUBSTRATE 
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I 1 

I EFFECT OF CURE TIHE ON PROPERTIES [ 
I _J 

o EVOH C 6 

o ESCOREZ^ 1310 4 

o IPDI B 1530 0.522 

(MOLE RATIO OH/NCO : 10} 



CORE TEMPERATURE ("C) 


180 - 






> 


CURE TIME (min.) 


5 


10 


25 


120 


T-FEEL STRENGTH (N/2cn) 


7-15 


29-32 


33-35 


26-30 


P.A.F.T. CC) 


84+1 


88+4 


85+1 


86+2 


TENSILE STRENGTH (HPa) 


8.0 


11.1 


11.4 


12.5 


ELONGATION AT BREAK (Z) 


380 


380 


330 


360 


ENERGY AT BREAK (J) 


1.36 


1.5 


1.4 


1.5 
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TABLE 8 • 
EVOH D BASED HOT HELT PROPERTIES 



COMPOSITION (XJEIGHT) 
EVOH D 

ESCOREZ^ 1310 

IPDI B 1530 

(MOLE RATIO OH/NCO) 


6 : ^> 

A ^> 

0.916 0.61 0.458 
W (6) (8) 


CURE TEMPERATURE CO 
CURE TIME (min. ) 


180 ^> 

25 > 


T-PEEL STRENGTH (N/2cin) 
P.A,F-T. CC) 
LAP SHEAR STRENGTH 
(N/IN^) AT lOO'C 
AT 150*C 


26-33 29-34 20-24 
69+1 81+2 86+4 

365(a) 360(a) 278 
335(a) 305 180 


TENSILE STRENGTH (MPa) 
ELONGATION AT BREAK (X) 


12.2 10.45 8.8 
360 420 470 


(a) Rupture of alvuinxiia foil substrate. 
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TABLE 9 



COMPOSITION fWEIGHT^ 












EVOH C 


6 — 














> 


6 


> 




3.5 — 














— — > 


3 


> 


Tknn •TO TAT /UTT ^AA\ 


0.5 — 














> 


1 


— > 


IPDI B 1530 


1.10 


0.83 


6.66 


1.34 


1.00 


(HOLE RATIO SUM OH/NCO) 


(6) 


(8) 


(10) 


(6) 


(8) 


CORE TEHFERATORE (*C) 
















CURE TIME (mxn. } 
















T-PEEL STRENGTH (N/2cin) 


27-33 


24-30 


24-28 


20-24 


17-22 


P.A-F.T. CO 


63±1 


76±1 


81±2 


57+2 


73±2 


LAP SHEAR STRENGTH 












(N/IN^) AT 100*C 


300 


300 


300 


275 


260 


AT 150*C 


241 


231 


242 


211 


223 


TENSILE STRENGTH (MPa) 


15.1 


14.3 


13.3 


15.5 


14.0 


ELONGATION AT BREAK (X) 


304 


355 


386 


317 


366 


ENERGY AT BREAK (J) 


1,15 


1.42 


1.47 


1.20 


•1.43 
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CIAIMS 

1. A cross-linkable adhesive composition comprising : 

(a) a copolymer of at least 50 wt% ethylene and 
containing from 0.10 to 0.35 mole of hydroxyl 
functionality per 100 gm of polymer; 

(b) a compound containing isocyanurate groups and 
at least two terminally blocked isocyanate 
groups; 

(c) optionally a hydrocarbon tackifying resin, and 
optionally a low moleciaar weight hydroxy- 
terminated polyalkylene oxide containing at 
least three hydroicyl groups or other viscosity 
reducing agent. 

2» A composition according to claim 1 in which the 
copolymer (a) has a melt viscosity of from 1 to 50 
Pa.s at 180*C and the compound (b) is a mixture of 
blocked polyisocyanates which mixture consists of at 
least 30 wt% of components containing three and more 
blocked isocyanate groups. 

3. Composition according to Claim 1 or Claim 2, wherein 
the copolymer has a melt viscosity preferably of 
from 3 to 40 Pa.s at ISO^C. 

4^ Composition according to any of the preceding claims 
wherein the blocked polyisocyanate is used at a mole 
ratio OH:NCO of 4 to 20. 
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Composition according to any of the preceding claims 
wherein the compound (b) contains blocked 
cycloaliphatic polyisocyanates . 

Composition according to any of the preceding claims 
wherein the polymer is 

(a) a partically or completely hydrolysed polymer of 
ethylene derived units and vinyl esters, 
preferably having from 70 to 93 wt% of ethylene, 
from 7 to 15 wt% of vinyl alcohol and from 0 to 
15 wt% of vinyl alcohol and from 0 to 15 wt% of 
vinyl acetate; or 

(b) a polymer containing at least 50 wt% of ethylene 
and 10 to 45 wt% of 2-hydroxyethyl acrylate or 
methacrylate. 

Composition according to any of the preceding claims 
in which the tackif ying resin is non- reactive with 
isocyanate optionally accompanied by a polyallcylene 
polyol of average molecular weight from 100 to 2000 
containing at least three hydroxyl groups. 

Composition according to anyone of the preceding 
claims which comprises 40 to 100 % of the ethylene 
copolymer, 0 to 60 wt % of the other components, and 
the blocked polyisocyanate in an amount so as to 
provide a OH:NCO ratio of from 4 to 20. 

Composition according to claims 1, 2, 4, 5 and 8 in 
which the blocking compound is a lactam, such as 
£ -caprolactam« 



INTERNATIONAL SEARCH REPORT 

tntamttonil Application No PCT/EP Q1 700^77 



L CLA8SIHCATION OF SUBJECT MATTER (K Mv»nl dasyMcatlon tymbolt apply. Indicate alO * 



According to IntotnalionBl PatMit OaaaiRealion OPO or to both Natlona] Oaaamcation and IPC 

IPC^. C 08 G 18/62, 18/79, 18/40, C 09 J 175/04, 123/08 



II. HELOS SEARCHED 



Minimum Documentation Saarched ' 



Claaaificatlon Sjrttam 



IPC" 



C 08 6, C 09 J 



Documantation Saarchad olharthan Mintmum DocumantaUon 
to tiM Eitant that audi Documanta ara Indudad in tlia Flalda Saarctiad • 



III. DOCUMENTS CONSIDERED TO BE RELEVANT* 



CMaoery * 



Citation off Doeumant. with indication, whara appropriate, of the rdavant paaaapaa 



Rdenint to Clalni No. 



EP, A, 0041192 (SIEMENS) 
9 December 1981 

see claims 1-5,7; page 4, line 18 
page 5, line 4 
cited in the application 



EP, A, 0294271 (ATOCHEM) 
7 December 1988 

see claims 1-7; page 2, line 51 
page 3, line 26 
cited in the application 



* Spadal cataporiaa of citad documanta: «• 
^A- doeumant dofining tho vanatal atata of tho art arMch la not 
conaidafad to ba of particular l al owan ca 

*E* aarKar doeumant but publlahad on or altar tha Intamationa] 
filing data 

"L" document wWch may throw doubta on priority cWm(a) or 
which ia citml to oataMiah tho pubUcation data of anathor 
cttatton or other apeciel laeeon (ea apecMed) 

"O" document referrtno to en oral dladoaure, uae, oihlbltion or 
other maana 

document published prior to the IntemalioAal fliing dale but 
laser than the priority date claimed 



tho 



"X** document of parUcutar 

cannot be coneidered novel 



; the 



be conaldarod to Involve an inventive atap when the 



mttnarL 



being obvloua to a pamon aUllad 



of thai 



OateoftboActuall 

12th June 1991 



Data of 



oltlila 



Report 



EOROPEIVN PAXENT OTFXCB 
Form PCT/ISA|2tO (aacond ahaol) (January 19^ 



Ston^iro ^Ai^rind Offleer 



lime Dagmor FRA 4K 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPUCATION NO. eP 9100577 

SA 45868 

TMs lists the patent fanuly members rdatme to the patent docmnents dted in the above^nentioned international search report. 
Ihemembere are as contained fa fte European Patent Office EDP file on , 

tlic Enrapean Patent Office is m no way liable for these partienlais which are merely given for the purpose of faifformation. 



Patent document 
cited in search report 



publication 
date 



jfaneiic tamuy 
iiicmbcr(s) 



PaUieatioii 
dale 



EP-A- 0041192 09-12-81 



EP-A- 0294271 07-12-88 



DE-A- 3021044 24-12-81 
OP-A- 57023422 06-02-82 



R-A- 2616155 09-12-88 

• AU-A- 1743488 08-12-88 

JP-A- 64001781 06-01-89 

US-A- 4908408 13-03-90 



1 

a 
e 



& For mm dctMk iAmx lidt aanes Officid JiHBHd af the Eor^can Patnt Office. 



